Background: Irreversible pulpitis is a highly painful inflammatory condition of the dental pulp which represents a common dental emergency. Recommended care is partial endodontic treatment. The dental literature reports major difficulties in achieving adequate analgesia to perform this emergency treatment, especially in the case of mandibular molars. In current practice, short-course, orally administered corticotherapy is used for the management of oral pain of inflammatory origin. The efficacy of intraosseous local steroid injections for irreversible pulpitis in mandibular molars has already been demonstrated but resulted in local comorbidities. Oral administration of short-course prednisolone is simple and safe but its efficacy to manage pain caused by irreversible pulpitis has not yet been demonstrated. This trial aims to evaluate the noninferiority of short-course, orally administered corticotherapy versus partial endodontic treatment for the emergency care of irreversible pulpitis in mandibular molars.
Background
Irreversible pulpitis is an inflammatory condition of the dental pulp, highly painful, and one of the main reasons for seeking emergency dental treatment [1, 2] . Pain associated with irreversible pulpitis represents more than 45% of the reasons for dental emergency consultation in hospital [3] . Diagnosis of symptomatic irreversible pulpitis is based on clinical findings such as spontaneous mild to severe pain that remains after removal of the stimulus. The most widely used clinical test is the response to heat or cold sensitivity test. The main etiology of irreversible pulpitis is an infectious lesion due to decay or loss of seal under restorations. After tooth trauma, pulp exposure or cracks can also induce a pulpal inflammatory response [4] . Recommended emergency care is partial endodontic treatment under local and/or locoregional anesthesia [5, 6] . The purpose of emergency partial endodontic treatment is to stop the pain of pulpitis by removing a portion of the pulp [7] . Compared to complete pulpectomy, the pulpotomy procedure results in a lower incidence of posttreatment pain [8, 9] . Several dressings can be used after emergency pulpotomies, camphorated phenol, eugenol, isotonic saline and cresatin, without contribution for the relief of pain [7] . Ideally, complete final endodontic treatment is performed in the following 72 h, as 55% of patients experience moderate to severe pain due to pulpotomy [10, 11] . The dental literature reports major difficulty in achieving adequate anesthesia in the mandible in order to perform partial endodontic treatment, especially for molars [12, 13] . This results in a very painful care experience for the patient [14] . Management of this type of emergency is costly for health facilities in terms of equipment and time as pulpotomy is the only emergency treatment recommended [14] . Patient comfort, cost-saving and rationalization of care time justify the search for an alternative to emergency partial endodontic treatment. A recent systematic review by Shirvani et al. [15] showed superior intraoperative analgesia for patients with irreversible pulpitis after administration of preemptive nonsteroidal anti-inflammatory drugs. But, to our knowledge, no clinical trial on the use of orally administered corticosteroid for the treatment of dental pulp inflammation has been conducted. In current practice, short-course, orally administered corticotherapy (prednisolone) is used to manage oral pain of inflammatory origin [16] [17] [18] . Glucocorticoids, thanks to their anti-inflammatory action, can neutralize the inflammatory mediators [19] . Pulp inflammation can be treated using this molecule: the efficacy of intraosseous local steroid injection for irreversible pulpitis of mandibular molars has already been demonstrated, but this results in local comorbidities and requires specific materials [20, 21] . Oral administration of short-course prednisolone is simple and safe but its efficacy to manage pain caused by irreversible pulpitis has not yet been demonstrated. Administration of prednisolone per os has a very high (90%) and rapid (at least 4 h) bioavailability. No difference in efficacy between intravenous and oral administration of this molecule was reported in the case of multiple sclerosis [22] . This oral treatment could limit comorbidities and technical difficulties associated with intraosseous injection and could make it possible for complete endodontic treatment to be delayed to 72 h later in optimal conditions of analgesia for the patient. Despite the difficulties described concerning partial endodontic treatment, it is very effective in terms of pain reduction and can achieve a success rate of 100%. A noninferiority design was, therefore, chosen to compare the effect of short-course, orally administered corticotherapy with partial endodontic treatment in terms of pain reduction during adult emergency care for irreversible pulpitis in permanent mandibular molars.
Objectives
The primary objective of the trial is to compare the effect on pain of short-course, orally administered corticotherapy versus partial endodontic treatment during adult emergency care for irreversible pulpitis in permanent mandibular molars, 24 h after the emergency visit.
The hypothesis is that short-course, orally administered corticotherapy is noninferior to partial endodontic treatment in terms of analgesic efficacy but superior in terms of number of antalgic drugs taken, number of patients coming back to consultation 72 h later, patient comfort and number of injected anesthetic cartridges when performing endodontic treatment.
The secondary objective consists in comparing, depending on the treatment strategy:
Patient's comfort during endodontic treatment measured using the "Iowa Satisfaction with Anesthesia Scale" (ISAS) [23] Number of analgesic drugs (step 1 on the World Health Organization analgesic ladder or step 2, taken after the inclusion visit and over 72 h) Difference in pain measured using the Numeric Scale (NS) between the emergency visit and 24 h thereafter Kinetics of pain, self-assessed using the NS at 6, 12, 24, 48 and 72 h after the emergency visit Number of injected anesthetic cartridges to achieve absence of pain during complete endodontic treatment Number of patients returning for complete endodontic treatment
Methods/design
The trial protocol was developed in accordance with the Consolidated Standards of Reporting Trials (CONSORT) Statement extension for "Non-Inferiority and Equivalence Trials" [24] .
The trial design and protocol adhere to Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) criteria; the SPIRIT Checklist can be found as Additional file 1: Table S1 .
Design
A noninferiority, open-label, randomized controlled clinical trial will be conducted in two dental subunits of the Bordeaux University Hospital. Eligible patients will be recruited during their emergency visit when presenting irreversible pulpitis in the first or second mandibular molars. Diagnosis will be based on clinical and radiographic examination. Two parallel groups will be randomized so that patients will receive: (1) partial endodontic treatment (reference) or (2) short-course, orally administered corticotherapy (intervention to evaluate) (Fig. 1 ).
Participants
Adult patients seeking emergency consultation at the dental department of the teaching hospital in Bordeaux (France) will be recruited if they meet the eligibility criteria. Pulpitis on third molars will be discarded in order to exclude any bias linked to technical difficulties generated by restriction of mouth-opening.
Participants will be included if they meet the following inclusion criteria:
Clinical signs of irreversible pulpitis of the first or second mandibular molar ASA1 or ASA2 score (American Society of Anesthesiologists) Aged between 18 and 70 years (of either gender) Able to give written informed consent Affiliated with a health insurance scheme Agree to be contacted by phone 24 h after the emergency visit Available to come back 72 h after the emergency visit for complete endodontic treatment Participants will not be included if they present at least one of the following noninclusion criteria:
Diagnosis of irreversible pulpitis of the third mandibular molar, reversible pulpitis, acute apical periodontitis, periodontal lesion of endodontic origin or dentin syndrome Nonretainable tooth requiring extraction Contraindication for endodontic treatment (endocarditis risk), contraindication for the prescription of glucocorticoids or codeine Viral disease in evolution (hepatitis, herpes zoster, etc.), machine operators due to the risk of somnolence and lack of attention induced by drugs Psychosis uncontrolled by treatment, allergy to one or more of the components Immunization with live vaccine Diabetes, drug intake with direct interaction with glucocorticoids or codeine, woman of child-bearing age without contraception, pregnant, breastfeeding Not able to give informed consent Participating in another interventional study
Outcomes
The primary outcome is the proportion of patients with pain intensity of below 5 on a Numerical Scale (NS <5) 24 h after the emergency visit [25] . The NS has already been used for the assessment of pain in previous studies to evaluate the efficacy of orally administered corticosteroids on pharyngitis presenting as an emergency [26] . Briefly, the patient will be asked to make a pain rating according to a NS score ranging from 0 to 10. A clinical research assistant will directly phone the patient and will use a standardized sentence: «Please indicate the intensity of your pain level on a scale of 0 (no pain) to 10 (worst pain imaginable)».
Secondary outcomes include:
Number of analgesic drugs (step 1 on the World Health Organization analgesic ladder (paracetamol 1 g) or step 2 (paracetamol 600 mg/codeine 50 mg) taken after the inclusion visit up to 72 h) Difference in pain measured using the NS between T0 (baseline) and 24 h after the emergency visit (T1) Kinetics of pain, self-assessed using the NS at 6, 12, 24, 48 and 72 h after T0 Patient's comfort during complete endodontic treatment measured using the "Iowa Satisfaction with Anesthesia Scale" (ISAS) [23] Number of injected anesthetic cartridges required to achieve clinical silence for the realization of complete endodontic treatment Number of patients returning for the T2 visit
Study timelines
All patients seeking emergency consultation at the dental subunits of the Bordeaux University Hospital will be screened for the selection criteria. If a patient meets all criteria, they will be informed by an investigator of the study, who will tell them about the objectives, methods, follow-up, risks and restrictions. They will be given an Information Sheet and an Informed Consent Form so that they can read them and ask any questions. If the patient agrees, they will sign the Informed Consent Form and will be included in the study (T0).
The investigator in charge of the emergency room will proceed to randomization (see below) and another investigator will conduct the T0 (baseline) visit according to the affected group to which the patient will be allocated. The patient will be contacted directly by a research assistant, blinded to the affected group, 24 h after inclusion to gather the information on pain intensity 24 h after the emergency visit (T1). The patient will then receive complete endodontic treatment 72 h after T0 (T2) (Fig. 2) .
Interventions
The evaluated intervention consists of oral administration of prednisolone (1 mg/kg) during the emergency visit, followed by one morning dose each day for 3 days.
Reference management consists of local and locoregional anesthesia of the molar and partial endodontic treatment. Partial endodontic treatment is a pulpotomy. After preparation and removal of any carious tissue, the tooth will be isolated with a rubber dam and pulpal parenchyma will be removed. Pulpal bleeding will be controlled using 2.5% sodium hypochlorite and the site will be covered with calcium hydroxide and a temporary filling.
At the end of T0, all the patients, whatever their randomization group, will be given two types of antalgics and given the recommendation to take them only if they experience pain. Specifically, it will be recommended to take either a step-1 antalgic (paracetamol 1 g) or a step-2 antalgic (paracetamol 600 mg/codeine 50 mg) every 6 h in case of moderate or severe pain, respectively.
At T2, all patients, will receive full endodontic treatment following local and locoregional anesthesia.
Randomization
Patients will be randomly assigned to one of the two arms at a ratio of 1:1. The randomization list will be computer-generated by the study statistician using SAS system software (version 9.2, SAS Institute, Inc., Cary, NC, USA). The randomization process will be centralized through a secured website managed by the Bordeaux University Hospital Clinical Trial Unit (CTU) («Unité de Soutien Méthodologique à la Recherche Clinique et Epidémiologique (USMR)»). After confirmation of the patient's eligibility criteria, the investigator will access the website of the CTU, which will provide the patient's unique allocation number and randomization group. Access to the final dataset will be limited to the investigators.
Determination of sample size
Sample size calculation was based on the noninferiority hypothesis that the prescription of short-course corticotherapy would be not less effective than partial endodontic treatment for reducing the pain caused by irreversible pulpitis in mandibular molars.
According to reported results [5] , the proportion of patients showing successful relief (presenting pain <5 at 24 h on the NS) in the reference group (partial endodontic treatment) would be 95%. The noninferiority margin was defined as 20% fewer successes in the evaluated group (short-course corticotherapy). The calculation used Newcombe's formula («lower confidence limit for difference in proportions (simulation)») for the procedure using the 6.0 version of NQuery software and resulted in a sample size of 40 patients per group to achieve 90% power and a one-sided type I error of 0.025. However, to obtain satisfactory power, two features must be taken into account: (1) a slightly lower proportion of successful treatments in the evaluated group compared to the reference group (power of at least 80% if the treatment group were to have 3% fewer successes or at least 90% if it were to have 2% fewer successes,) and (2) a 5% proportion of patients lost to follow-up or randomly assigned to the corticosteroids group receiving the partial endodontic treatment before the first 24 h due to lack of efficacy [27] . Consequently, it was decided that 60 patients would be enrolled in each group, 120 in total.
Statistical analysis
The main analysis will be intention-to-treat (ITT) using the «missing = failure» strategy. A robustness analysis, supported by the per-protocol approach, will be carried out.
The difference between the two arms in the number of patients with pain <5 on the NS will be measured using its unilateral 97.5% confidence interval (CI) according to the binomial exact formula. The noninferiority hypothesis will be accepted if the lower confidence limit is superior to the noninferiority margin, which is fixed as −20%.
For qualitative outcomes, frequencies between the two groups will be compared using the chi-square test, or Yates's corrected chi-square or Fisher's exact tests, depending on the variables' distributions. For quantitative outcomes, means will be compared using Student or Wilcoxon tests according to variables' distributions. Regression model will be used to adjust on major confounding factors (i.e., age and sex). The statistical significance threshold will be 0.05.
Basic statistics in the study report will include information on missing values for all relevant study variables. A summary of baseline patient characteristics with totals and proportions (%) for categorical variables, and minimum, maximum, interquartile ranges and standard deviations for continuous variables will be presented. An estimation of primary and secondary outcomes will be calculated using their 95% CI.
Protocol violations
All protocol violations occurring after randomization will be listed in the Clinical Study Report, tabulated by subject and recruitment site. The final assignment of participants to the per-protocol analysis will be decided at a blinded protocol violation review meeting before database locking.
Adverse events
Possible adverse events that may occur during the study will be monitored by investigators and research assistant throughout the study.
Discussion
The use of short-course, orally administered corticosteroids would allow effective pain management of irreversible pulpitis in mandibular molars. Adverse events of corticosteroids are associated with prolonged intake and high dosing. However, they are not usual in short-term therapy of less than 5 days [16] . Prednisolone is the referent molecule for the short-course treatment of acute and localized inflammation in both medicine generally and stomatology [18, 28] .
This new approach in dentistry would increase the number of complete endodontic treatments by avoiding noncompliance of patients because of pain perceived during the emergency visit and improve care and anesthesia according to recommendations of the HAS (French National Authority of Health) [29] . This would reduce trauma related to painful emergency care and thus decrease patient nomadism. It would also reduce material costs and time required when managing irreversible pulpitis in mandibular molars in emergency situations, leading to better rationalization of working time within care structures and decongestion of emergency dental services. Moreover, this treatment can be administered by medical emergency services, which are more accessible and available than dental emergency services.
With this care focused on pain management, it is expected that patients will have a better experience of emergency management and will be more likely to seek further care.
Trial status
The trial was registered at ClinicalTrials.gov and the study will be open for recruitment in January 2017.
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